. This hypothesis has been supported by data from a number of studies 8 -
13
- 16 -17 of the families of patients with trisomy 21 (Down's syndrome). These studies have revealed an increased prevalence of autoantibodies to thyroglobulin in patients with trisomy 21 and their mothers, compared to controls. Thyroid function and therapy in seropositive individuals is variable from case to case. Seropositive mothers are often less than 35 years old at the time of birth of the propositus 9 , and translocations and mosaicism are represented in unusually large numbers among the propositi in these families 19 . These findings are consistent with Penrose's age-independent mongolism 18 , which may in some cases involve parental predisposition to meiotic or mitotic error.
The relation between thyroid autoimmunity and trisomy 21 can be interpreted in a number of ways. First, thyroid autoimmunity might be the result of a chromosomal abnormality. This is unlikely, however, since seropositive mothers of trisomy 21 patients are usually chromosomally normal 12 . Second, genetic factors for thyroid autoimmunity might be closely linked with possible factors leading to chromosomal abnormalities 14 . A third possibility is that a condition related to the autoimmune process, such as viral infection or endocrinologic imbalance 11 , might induce aberrations in chromosomes. Fourth, thyroid autoantibodies themselves may act to damage chromosomes. Fialkow 10 has demonstrated chromosome damage in cultures of human fibroblasts exposed to extracts from allogeneic human lymphocytes. While this supports the fourth interpretation above, convincing demonstration that a factor can produce chromosomal abnormalities in vivo requires a carefully controlled, prospective study. Results of investigations in chickens with hereditary autoimmune thyroiditis are described in the present paper. Obese strain (OS) . These effects can be reversed through the feeding of a thyroxine replacement, Protamone (iodinated casein) 4 (B.R. Korf, unpublished data, 1973). In a previous cytogenetic study, Bloom 1 found the incidence of chromosomal abnormalities was slightly lower among progeny of OS chickens that had not been receiving Protamone than among progeny of either Protamone-fed OS chickens, or C-strain controls. Presence of autoantibodies in all of the Protamone and non-Protamone OS birds was not demonstrated, however, and the absolute number of abnormalities in the progeny of the Protamone-fed group was small (2 out of 253 embryos examined). Further studies with immunologic characterization of all experimental animals and cytogenetic examination of a larger number of progeny therefore seemed warranted.
Materials and Methods
The experimental population consisted of 95 OS chickens, 70 females and 25 males. Birds in pens 1 and 2 were fed a diet supplemented with Protamone, and thus were effectively euthyroid and lacked circulating autoantibody to thyroglobulin. These were used as controls. Pens 10 and 11 contained OS chickens with demonstrable circulating autoantibody. The technique of passive hemagglutination, using human type " O " red blood cells coated with chicken thyroid extract was employed for autoantibody titer determinations 23 . Blood was drawn for testing 1 week prior to the start of the sampling of embryos. Large changes of titer did not occur in representative birds tested at the end of the 36-day egg sampling period.
Each pen contained usually six males that were allowed to mate freely with a group of hens (see Tables I  and II) . Hens were trap nested, and eggs were identified by dam number, pen, and date. Chromosomal analysis was performed on eggs after 4 days of incubation at 37-38°C. The squash technique of Bloom et al. 3 was performed on tissue from allantoic sacs, brains, or limb buds of embryos. Unstained preparations were examined with phase contrast microscopy. Approximately 12 clear metaphases were selected on each slide and karyotyped through the microscope (magnification: 800x) for at least the first 6 chromosome pairs ( Figure  1) . Polyploidy, aneuploidy, number of Z chromosomes, and any other consistent peculiarities were noted. To
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The Journal of Heredity confirm a suspected abnormality, slides were scanned thoroughly to include as many clear metaphases as of results for all dams sampled over the is presented in Tables I and II. The lonlaying dams was roughly similar in the four pens, ranging from 12-28 percent (Tables 1 and 11 ). However, pen fewer eggs in dam laid fewer than 14 eggs. The less prolific dams were not characterized by a particular level of circulating autoantibody.
Incidence of infertile eggs was very low (Tables I and  II) . Average fertility for the Protamone group was 98.5 percent, that for the non-Protamone eggs, 97.7 percent. In pens 10 and 11, production of infertile eggs was not associated with autoantibody titerof dams.
Four types of phenotypic abnormalities were recognized in embryos: development of blood and membranes only, early dead, small, and small dead (see Bloom 2 for detailed descriptions of these phenotypes). Results for eggs collected from all dams are shown in Tables I and  II . Incidence of phenotypically abnormal embryos was higher among non-Protamone progeny (5.3 percent) than among progeny of controls (3.9 percent). An excess of blood and membranes from the experimental group accounted for this difference (Table III) . However, neither overall incidence of abnormalities, nor occurrence of particular phenotypes was related to autoantibody liter of the dams (Table IV) . In cases where a particular dam laid several eggs with abnormal embryos, the phenotypes did not tend to be of a single type.
The incidence of various types of chromosomal abnormalities in embryos is indicated in Tables I and II. Triploidy and trisomy, but no breakage or rearrangement, were seen. Frequency of these abnormalities was approximately the same in the control and experimental groups. Trisomy occurred rarely, being seen once in the control group and once in the experimental group. Triploid embryos were for the most part clustered among the progeny of a few dams. Such consistent triploid producers, however, occurred in both the control and experimental groups, and were not characterized by a particular autoantibody level.
Discussion
Presence of autoantibodies to thyroglobulin in hypothyroid sires and dams did not affect the incidence of chromosomal abnormalities in progeny. Trisomy occurred as a very rare, and probably random, event.
Most of the triploids, on the other hand, were produced by a few dams. While these dams might have been predisposed to the production of triploidy, there is no evidence of a contribution due to hypothyroidism or thyroid autoimmunity.
These results are in agreement with those of the earlier study of Bloom 1 . In that study, fewer chromosomally abnormal progeny occurred among either Protamone or non-Protamone fed OS birds than among C-strain controls. The interesting finding of no chromosomally abnormal progeny from non-Protamone fed OS birds was not confirmed in the present experiment. Differences in sample sizes and length of sampling periods may account for this.
This work may cast some light on the role of thyroid autoimmunity in the etiology of chromosomal abnormalities in humans. The autoimmune disease in OSchickens resembles Hashimoto's thyroiditis in humans 15 . While the complete chicken karyotype was not studied in the present work (Figure 1) , it is the larger chicken chromosomes that most nearly resemble human chromosomes. Schulere? a/. 21 have demonstrated that increased 24 are warranted. The present finding of a higher frequency of very early embryo death among progeny of hypothyroid birds is suggestive, despite the small absolute numbers. In humans, maternal hypothyroidism has been shown to be detrimental to fetal development 6 . It is possible that similar factors might be operating in the chicken, despite the physiological differences between the species 20 .
Summary
The effects of parental thyroid autoimmune disease on the chromosomes and phenotypes of offspring were investigated in a population of obese strain (OS) chickens with hereditary autoimmune thyroiditis. Levels of circulating autoantibody to thyroglobulin were determined for all OS sires and dams tested. Control matings involved OS chickens fed a thyroxine replacement, Protamone. As a result, these birds were effectively euthyroid, but circulating thyroid autoantibodies were demonstrated to be absent. The frequency of chromosomally abnormal progeny, assessed in embryos at 4 days of incubation, was similar in the two classes of chickens. Triploid and trisomic embryos, but none with chromosome breakage or rearrangement, were found in each group. Viability of embryos at 4 days of incubation in the hypothyroid group was slightly decreased from control values. The difference occurred mostly in the frequency of early aborted development. The hypothesis that in some organisms maternal thyroid autoimmunity might predispose to chromosomal abnormalities in progeny is not supported by the present work. The possibility is raised, however, that maternal hypothyroidism might adversely affect fetal development.
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